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The Republic of Tunisia, located in northern Africa, faces various environmental challenges caused by
anthropogenic practices such as overgrazing, deforestation, and desertiﬁcation. The conversion of natural
ecosystems is the major cause of plant biodiversity loss. Tunisia can be divided into three main climatic
zones as follows: a northern Mediterranean climate zone, a central steppe climate zone, and a southern
desert climate zone. Because of this great environmental diversity, there are distinctive vegetation and
various genetic resources in Tunisia. This research was conducted to investigate plant biodiversity within
the various bioclimatic zones and to characterize useful plant resources in Tunisia. We investigated
native, medicinal and aromatic, desert, and soil erosion control plant species.
Copyright  2016, National Science Museum of Korea (NSMK) and Korea National Arboretum (KNA).
Production and hosting by Elsevier. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Tunisia, located on the shores of the Mediterranean, is a rich
repository of various plant resources. There are 22,500 species of
vascular plants in the Mediterranean (Myers et al 2000), with
approximately 11,700 found in the ‘hotspot region’ including
Tunisia (Thompson et al 2005). This region has a very high in-
habitant’s density (Myers et al 2000) and has therefore been in the
spotlight for the research of plant biodiversity. Overall, about 70% of
wild plants have potential worth as ornamental plants, medicinal
plants, or for biotechnological uses (United Nations Environment
Programme 2002).
There are dynamic climate zones in Tunisia (Figure 1). The
humid region is located in the northwest forest of Tunisia that
accounts for 3.6% of the nation’s total land area. The annual
average rainfall in the northern area is 1,500 mm and this region
shows a typical Mediterranean climate. The semiarid area,
located in the central part of Tunisia, has a steppe climate thate Museum of Korea (NSMK)
National Science Museum of Korea
license (http://creativecommons.accounts for 20% of the nation’s total land area. The southern
area is divided into two climate regions (Tarhouni et al 2007),
namely, arid and desert areas. The total annual average rainfall in
the arid and desert areas are 200 mm and 50 mm, respectively
(Table 1). There are around 1 million ha of forest in Tunisia, and
the forest only accounts for 6% of the nation’s total land area.
Moreover, due to deforestation and desertiﬁcation, land degra-
dation has accelerated in the arid and semiarid regions (Korea
Rural Economic Institute 2014).
Environmental problems caused by industrialization and ur-
banization are important social issues in Tunisia. Water pollution,
desertiﬁcation caused by overgrazing and soil erosion, and plant
biodiversity loss are the most serious problems (Baban et al 1999;
Darkoh 2003; National Report 1997). The worst environmental
situation is found in the central region of Tunisia (Nefzaoui 2004),
and this is mainly attributed to economic and technological man-
agement problems.
According to the National Environmental Report of Tunisia
(1997), 74% of the country is at risk of soil erosion. To cope with
this problem, the Tunisian government has produced a guidebook
for combating desertiﬁcation for the 12 local governments
(Zaghouan, El Kef, Siliana, Kasserine, Kairouan, Sidi Bouzid, Gafsa,
Tozeur, Kebili, Tataouine, Medenine, and Gabes) in the south. In(NSMK) and Korea National Arboretum (KNA). Production and hosting by Elsevier.
org/licenses/by-nc-nd/4.0/).
Figure 1. Bioclimatic zones of Tunisia, North Africa, bordering the Mediterranean Sea.
Table 1. The bioclimatic zones and agroecological zones in Tunisia.
Annual rainfall
(mm)
Bioclimatic
zones
Annual rainfall
(mm)
Agroecological
zones
800e1200 Humid 500e1000 North
600e800 Subhumid 400e500 Dorsal
400e600 Semiarid
100e400 Arid 200e400 Center
20e100 Desert
(Saharan)
<200 South
H You et al. / Journal of Asia-Paciﬁc Biodiversity 9 (2016) 56e62 57the Menzel Habib southern steppe region, monitoring studies on
the process of desertiﬁcation were carried out from 1975 to 2000.
As a result, the forests, climate change, and changes in land use
appeared to cause signiﬁcant changes in ecosystem structure and
biodiversity (Hanaﬁ and Jauffret 2008). In particular, the vegeta-
tion ecology of Tunisia has undergone a severe decline over the
course of a century under the long-term impact of humans and
livestock (Le Houérou 2000).To minimize the reduction in plant diversity that threatens
humanity’s survival and prosperity, an ecological understanding
of plant communities is essential (Gondard et al 2003). Tunisian
coastal areas and desert areas are important habitats for salt-
resistant plants, drought-resistant plants, and medicinal
plants. Therefore, this study was conducted to investigate the
useful plant resource distribution pattern of plant diversity in
Tunisia.Materials and methods
The University of Seoul and Institut National de Recherche en
Genie Rural, Eaux et Forêts (INRGREF) conducted this study in
Tunisia from 2010 to 2015. The exploration and acquisition of
valuable plant resources in Tunisia covered several regions
including forests and coastal areas in the northeastern part,
central steppe, and desert areas of the south (Figure 2). Quercus
suber and Olea europaea (Figure 3) were surveyed in Zaghouan
and Beja, respectively. Rosmarinus ofﬁcinalis, Ceratonia silique,
Figure 2. Location of Tunisia, North Africa, bordering the Mediterranean Sea.
H You et al. / Journal of Asia-Paciﬁc Biodiversity 9 (2016) 56e6258Pistacia lentiscus, and Thymus capitatus (Figure 4) were investi-
gated in Zaghuan, Tunis, Beja, and Kairouan, respectively. Eryn-
gium maritimum, Artemisia campestris, Astragalus armatus, and
Juniperus phoenicea (Figure 5) were investigated in Beja, Gabes,Figure 3. Native tree species in Tunisia. A andMadenine, and Bizerte, respectively. Acacia tortilis, Stipagrostis
pungens, Argania spinosa, and Peganum harmala (Figure 6) were
investigated in Sidi Bouzid, Madenine, Gabes, and Kebili,
respectively.B, Quercus suber; C and D Olea europaea.
Figure 4. Native shrub species in Tunisia: A, Rosmarinus ofﬁcinalis; B, Ceratonia silique; C, Pistacia lentiscus; and D, Thymus capitatus.
Figure 5. Medicinal and aromatic species in Tunisia. A, Eryngium maritimum; B, Artemisia campestris; C, Astragalus armatus; D, Juniperus phoenicea.
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Native plants
Representative species of the Mediterranean area are Quercus
ilex (the evergreen oak/holm oak) and Pinus halepensis (Aleppopine). The northern Mediterranean coast of Tunisia is formed of
cork oak (Q. suber) forest (Figures 3A and 3B). Trees such as
Cupressus sempervirens (italian cypress) and O. europaea (olive tree;
Figures 3C and 3D) also grow in the Mediterranean region.
TheMaquis or Matorral contains awide range of vegetation type
in the Mediterranean region, with sclerophyllous (hard-leaved)
Figure 6. Arid and semiarid species in Tunisia. A, Acacia tortilis; B, Stipagrostis pungens; C, Argania spinose; D, Peganum harmala.
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including R. ofﬁcinalis (rosemary; Figure 4A), C. silique (carob tree;
Figure 4B), P. lentiscus (mastic tree; Figure 4C), T. capitatus (thyme;
Figure 4D), Lavandula stoechas (lavender), and Helianthemum
nummularium (rockrose) among others. Maquis is found on sili-
ceous soil in humid and subhumid zones. Garrigue is characterized
by a low and sparse woody system on bare soil or soil with a grassy
cover (Food and Agricultural Organization 2015). The native species
in the northern Tunisia forest area include Myrtus communis
(myrtle), Arbutus unedo (strawberry tree), Erica arborea (tree
heath), and Crataegus monogyna (hawthorn), which have been
commonly used as folk remedies (Korea National Arboretum
2013a,b).
Medicinal and aromatic plants
Somemedicinal plants that originated in North Africa arewidely
used in traditional folk medicine. These are used in various health
systems and are of economic importance. Up to 80% of the popu-
lation in Africa use traditional medicine to meet their health care
needs (United Nations Environment Programme 2002). Asia and
Latin America continue to use traditional medicine as a result of
historical circumstances and cultural beliefs. Traditional medicine
accounts for around 40% of all health care delivered in China (World
Health Organization 2002). Tunisia has more than 500 species of
medicinal and aromatic plants, and a total of 2,163 varieties; the
majority of these plants are found in harsh environments such as
arid and semiarid conditions.
E. maritimum (sea holly; Figure 5A) is a perennial plant that
belongs to the Apiaceae family, and is one of the major medicinal
plants found in the area. Because the plant contains high levels of
polyphenol and ﬂavonoid (Lisciani et al 1984), it is effective in
preventing diseases including atherosclerosis, diabetes, and cancer.
In addition, some researchers investigated the ability of
E. maritimum essential oil extracts to scavenge free radicals. Theydetermined that the essential oil acts as an antioxidant (Darriet et al
2014).
A. campestris (ﬁeld wormwood; Figure 5B) is a perennial shrub
belonging to the Asteraceae family that grows in the arid and
semiarid areas and is widely used as a traditional medicinal plant
for diabetes, bronchitis, diarrhea, high blood pressure, and nerve
pain treatment. Essential oil extracted from this plant has been
used as an antidiabetic agent, antifungal disinfectant, insect re-
pellent, and antispasmodic (Akrout et al 2011). According to a
recent study, the essential oil is also effective in treating diabetes by
protecting the kidneys (Seﬁ et al 2012).
A. armatus (milkvetch; Figure 5C) is a perennial shrub belonging
to the Fabaceae family that grows in the arid and semiarid areas.
A. armatus is widely distributed in Maghreb, which includes the
three countries of northern-western Africa, namely, Morocco,
Algeria, and Tunisia, and is the endemic species of northern Africa
distributed in the pre-Saharan zones. In North Africa, this plant is
used to treat cough, asthma, arthritis, anemia, and paralysis. In
addition, this plant contains polyphenols that are effective for the
relief of fatigue and antiaging (Bouaziz et al 2009). Khalfallah et al
(2014) recently reported eight ﬂavonol glycosides in A. armatus,
which are known to be effective in preventing atherosclerotic
vascular disease by assisting in mineralization. In Tunisia,
A. armatus is generally used as a tonic, a stimulant, and an anemia
treatment for medicinal purposes; in addition, it is an indicator of
desertiﬁcation of arid areas caused by overgrazing (Khalfallah et al
2014).
The ability of halophytes to resist oxidative stress generated by
salinity is a distinguishing feature that is controlled by physiolog-
ical and biochemical resistance mechanisms such as the mainte-
nance of ion homeostasis, the accumulation of osmolytes,
antioxidant defense and reactive oxygen species regulation, and the
compartmentalization of toxic ions in the vacuole (Flowers and
Colmer 2015; Flowers et al 2015). In Tunisia, halophytes such as
Cakile maritima, Limoniastrum monopetalum, Mesembryanthemum
H You et al. / Journal of Asia-Paciﬁc Biodiversity 9 (2016) 56e62 61crystallinum, Mesembryanthemum edule, Salsola kali, and Tamarix
gallica are widely used as traditional medicinal plants (Ksouri et al
2008).
J. phoenicea (phoenician juniper; Figure 5D) is a perennial shrub
belonging to the Cupressaceae family that grows across the
northern and central regions of Tunisia. The leaves of J. phoenicea
have a strong scent; as such they are usually used for the produc-
tion of essential oil. Keskes et al (2014) determined that the
essential oil extracted from this plant has the potential to treat
obesity and diabetes due to the presence of a-amylase and
pancreatic lipase, which promote the decomposition of carbohy-
drates and fat, respectively. This species is also known for efﬁcient
treatment against dysmenorrhea and prostatitis (Wahida et al
2011). In addition, it was revealed that J. phoenicea extracts
contain phenolic compounds that function as an antioxidant.Desert plants
Steppe and desert climate regions are important habitats for
plants that have adapted to dry conditions. Acacia tortilis subsp.
raddiana (umbrella thorn acacia; Figure 6A) belongs to the Faba-
ceae family and grows up to 20 m in height. A. tortilis is resistant to
high temperatures and dry environmental conditions; in addition,
plants over 2 years of age are resistant to frost. They play an
important role in the growth and physiology of ground cover
plants. This plant is a key species in the desert area and mainly
inhabits the pre-Saharan region in Tunisia (Mills et al 1993). This
species is widely used for vegetation restoration in arid areas due to
the development of root system that helps with nitrogen ﬁxation,
thereby generating favorable conditions for the growth of plants
(Fterich et al 2014). Other Vachellia species such as V. albida, V.
senegal, V. seal, V. mellifera, and V. etbaica also play a crucial role in
the maintenance of soil fertility.
The perennial herb Stipagrostis pungens subsp. (Desf.) DeWinter
(three-awn grass; Figure 6B), commonly known by its Arabic nameFigure 7. Landscape of arid and semi-arid regions“Sbat”, is a grass that grows between 50 cm and 100 cm in height. It
belongs to the Poaceae family and is a tall perennial with deep
roots, long leaves, and erect stems. Because of its adventitious root
system, S. pungens can survive in areas with as little as 70 mm of
rainfall/y (Bendali et al 1990). This plant is also good for dune ﬁx-
ation in desert; therefore, S. pungens plays an important role to
prevent the progression of desertiﬁcation and to introduce vege-
tation in arid areas.
The perennial evergreen shrub Argania spinosa (argan;
Figure 6C), commonly known as argan,Moroccan iron wood, or iron
wood, is a medium-sized, thorny tree, growing from 8 m to 10 m in
height and 1 m in diameter. It belongs to the Sapotaceae family and
is widely used for the treatment of many skin problems, such as
neurodermatitis, eczema, acne, and severe burns. It is rich in
vitamin A, unsaturated fats, tocopherols, and phenolic compounds.
It is also drought resistant, remaining in a state of dormancy for
several years during prolonged droughts (Diaz Barradas et al 2010).
These plants have evolved to form features that can improve the
absorption and transport of moisture to cope with dry conditions
(Larcher 1995; Levitt 1980). Niinemets et al (2006) also reported
that coping with water stress is related to changes in both
morphological structure and chemical composition of the leaves.
P. harmala (syrian rue; Figure 6D) is a perennial shrub belonging
to the Zygophyllaceae family whose roots can reach a depth of 6.1m
under the ground and can survive in extremely dry regions in
southern Tunisia. These plants are used as indicators for desertiﬁ-
cation due to overgrazing in sandy rangelands (Ping et al 2006).
This plant has a very bitter taste due to the production of a toxic
alkaloid.Erosion control plants species
Some scholars have reported that therewere very few terrestrial
ecosystems that have not changed around the Mediterranean re-
gion (Aronson et al 1993a,b; Belgacem et al 2013). Floret andin South Tunisia. A, Gafsa; B, C and D, Gabes.
H You et al. / Journal of Asia-Paciﬁc Biodiversity 9 (2016) 56e6262Pontanier (1982) reported that one third of Tunisia territory was in
danger of desertiﬁcation. In particular, the loss of biodiversity
caused by overgrazing is a serious issue in southern Tunisia
(Figure 7). Because of the extremely dry soil, only 1e10% of vege-
tation covers the ground and the dry biomass of perennial plants is
100 kg/y/ha (Gamoun et al 2012).
An effective means for ensuring plant diversity should be based
on improved skills related to conservation management of poten-
tial plants to combat desertiﬁcation. Aronson et al (1993a) pointed
out that the sustainable management of degraded ecosystems in
arid and semiarid lands could be likened to the relationships and
potential pathways between ecological restoration (a complete or
near-complete return of a site to a pre-existing state) and rehabil-
itation (a repair of damaged or blocked ecosystem). The main
protected species in Tunisia include Cenchrus ciliaris, Salvia aegyp-
tiaca, Echiochilon fruticosum, Helianthemum sessiliﬂorum, Heli-
anthemum kahiricum, Helianthemum scoparium, Haloxylon
schmittianum, Marrubium deserti, and Deverra tortuosa. These spe-
cies are important parts of arid and semiarid landscapes that pre-
vent soil erosion and desertiﬁcation. However, they are negatively
inﬂuenced by various human activities (Belgacem et al 2013; Floret
and Pontanier 1982; Gamoun et al 2012).Acknowledgments
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